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FOUR WATERFLOODING PROJECTS IN COWLEY COUNTY, KANS., 1958.7 
by 


J. P. Powell, —/ J. E, Eakin, ~/ K, H, Tenietens=/ and C, H, Riggs’ 


SUMMARY AND INTRODUCTION 


This report provides information on the techniques and results obtained on 
representative waterflooding projects in Cowley County, Kans. Records show that 
waterflooding was begun as early as 1935, but not until 1948 was the method ex- 
panded. The greater depths to the oil-producing formations in this area compared 
to those in eastern Kansas undoubtedly delayed the widespread use of secondary- 
recovery methods. This report presents a discussion of four waterflooding projects 
in Cowley County, Kans. The locations of these projects are shown in figure l. 
The projects have been in operation from 1 to 7 years and have produced more than 
1 million barrels of additional oil by injecting 11.5 million barrels of water. 


The projects are designed to take advantage of elevation and height of the 
separator tank to collect by gravity flow the produced brine at the respective 
treating or storage tanks. The closed-type water system is used on three of the 
projects and an open-type water conditioning system on the fourth. On one of the 
projects, which was drilled along a narrow shoestring formation, alternate wells 
were converted to input wells. However, most of the input wells for flooding were 
converted producing wells. 


Discussion of the individual projects includes information on the early his- 
tory, the source and treatment of water used for flooding, production-decline 
curves, typical core analyses and electric logs, water analyses, and results of 
waterflooding. 
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Figure I. - Map showing location of four waterflooding projects 


in Cowley County, Kans., March 1, 1958. 
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DISCUSSION OF INDIVIDUAL PROJECTS 


Stelbar Oil Corp., Inc. Rock Pool Unit 


In June 1949 several operating companies unitized leases in secs. ll, 14, 15, 
and 16, T. 30 S., R. 4 E., Rock field, Cowley County, Kans., for waterflooding. The 
Stelbar Oil Corp., Inc., operator of the Rock Pool unit, began to inject water into 
converted oil wells on the property in January 1951. Individual wells operated by 
Stelbar on four leases outside the unit were drilled to take advantage of the flood 
and are included in the project. Figure 2 is a map showing the production history 
of the project. A total of 460 acres was affected by the flood to March 1, 1958. 
Probably the most outstanding features of this flood are its simplicity and profit- 
able results. 


The producing formation is known locally as the Bartlesville sand. In this 
particular area the sand averages 20 feet in thickness and 2,765 feet in depth. 
Analysis of a representative core is shown in figure 3. Average porosity was 18.2 
percent and the permeability, 15 millidarcys. The average oil saturation of the 
core was 32 percent and water saturation, 45 percent, although the core may have 
been partly flushed in coring. 


Analysis of a sample of oil produced from a representative well on the unit 
property showed that the gravity of the oil was 38.4° API. Viscosity measurements 
of 3.9 centipoises at 77° F. and 3.2 centipoises at 100° F. indicated that the oil 
should have a favorable oil-water mobility ratio. 


History Before Flooding 


The discovery well in Rock field in the northeast corner of sec. 15 was com- 
pleted on January 19, 1923, by Smith and Ash, with a production rate of 125 barrels 
of oil per day. Among the other early developers of the new pool were Shawver & 
Sutter, Prairie Oil & Gas Co., and Gypsy Oil Co. Although the greatest natural pro- 
duction for a well completed during original development was 150 barrels of oil a 
day, some wells produced as much as 275 barrels of oil after shooting. Average ini- 
tial oil production was 115 barrels a day. 


By October 1923 the field's daily rate of oil production was 763 barrels. A 
peak annual rate of 226,000 barrels of oil was reached in 1924. By 1927 the annual 
rate of oil production from 19 wells had declined to about 98,000 barrels. Very 
small volumes of gas were produced with the oil, and formation water was reported 
in only a few dry holes. Additional wells were drilled in the pool during the 


1935-39 period. 


Available records of oil produced from the various leases by primary methods 
show that an accumulated 1,972,873 barrels of oil was recovered by June 1, 1949. 
Approximately 45,000 barrels of additional oil had been produced from the unit to 
January 1952, when the first increase in oil production came from water injection. 
In lieu of complete records a monthly record of oil produced during 1951 was in- 
cluded in figure 2 and table 2 to show the results of the injection of water. 


Method of Completing and Operating Wells 
The original wells and those drilled during the 1935-39 period were completed 


with 40 to 100 feet of either 8 5/8- or 10 3/4-inch surface casing cemented in place 
and a production string of either 5 3/16- or 5 1/2-inch casing set and cemented at 
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Figure 2, - Map and production history of Stelbar Oil Corp. Rock Pool unit, 
Rock field, Cowley County, Kans., March 1, 1958. 
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the top of the Bartlesville sand. During the drilling several intermediate casing 
strings were required to exclude water. All wells were shot with 2 to 4 quarts of 
nitroglycerin per foot of sand or an average shot of 36 quarts per well. Conven- 
tional pumping equipment, including 2-inch tubing, was used, and wells were pumped 
by the beam and back-crank method. In March 1958 the original pumping equipment 
had been replaced with heavy-duty pumping units powered by electric motors. 


Thirteen former oil wells on the unit were converted to water injection by 
pulling rods and tubing and cleaning the wells to bottom; usually 1 or 2 days' rig 
time was required. Four new input wells were drilled during the development of the 
flood. Water is injected directly through the casing in most input wells, but tub- 
ing and packers were required in a few wells after tests showed casing leaks. 


Source and Treatment of Water 


Water from a supply well completed in the Douglas sand at a total depth of 810 
feet was the original source of water for injection. The well was cased with 36 
feet of 15 1/2-inch surface pipe and 8 5/8-inch casing set at the top of the Douglas 
sand at 759 feet and cemented with 35 sacks of cement. Swabbing tests recovered 80 
barrels of water during the first hour and an average of 55 barrels of water per 
hour over a 4-hour period. Installation of a pumping unit on the original supply 
well resulted in the injection of 400 and 550 barrels of water a day directly into 
2 input wells. Later, another Douglas water-supply well was completed, and an in- 
jection plant was constructed. Three water-supply wells also were completed in the 
Stalnaker sand at about 1,850 feet with 7-inch casing landed through the sand, ce- 
mented, and then perforated. The wells were tubed with 4-inch tubing and equipped 
with 3 3/4-inch insert pumps operated by individual surface units. 


Because of the corrosive quality of the shallower Douglas water, that source 
was discontinued in favor of water from the Stalnaker sand. In November 1953 the 
operator began to dispose of the corrosive produced water into one of the former 
Douglas supply wells. This operation was continued until most of the Douglas water 
had been eliminated from the system. | 


Two separate plants serve the unit because the oil-productive limits of the 
leases are confined to a narrow belt 2 miles long, which ranges in width from one 
location to about 1/2 mile. Water for injection through the west plant, on the city 
of Winfield lease, is supplied by 1 Stalnaker well and by brine produced from 9 
active oil wells and is distributed to 8 input wells. 


The tank battery which is adjacent to the water-injection plant, and produced 
brine from the gunbarrels flow into a 250-barrel, 10- by 15-foot settling tank. The 
movement of a float in this tank aids the plant man in regulating the operating time 
of the supply well. Produced brine from the settling tank flows into a 200-barrel 
oil-sealed mixing tank along with water from the supply well. A 6=- by 5-foot pres- 
sure filter, used in the original operation, was bypassed when injection rates ex- 
ceeded the capacity of the filter. The mixing tank contains an electrode-type 
safety switch to shut off the high-pressure injection pump when the water level is 
too low. Mixed water is drawn from the 200-barrel tank by a 4 1/2- by 2-inch hori- 
zontal triplex pump powered by a 75-hp. electric motor. The pump has a high-pressure 
head and 3-inch ceramic plungers. A safety valve on the discharge line is set to 
bypass water to the suction line at 1,200 p.s.i. Injection water, at about 1,200 
p.s.i., is forced through a manifold from which 2- and 3-inch distribution lines 
serve the input wells. 


Google 


Although the water is neither chemically treated nor filtered, injection 
trouble has been negligible. In the past some water-input wells have been treated 
with acid. During the past 2 years it has not been necessary to treat the wells to 
maintain their injection characteristics, although some of the water-input wells on 
the west side of the unit have shown indications of plugging. In 1955 injection 
rates began to decrease, while injection pressures gradually increased, probably be- 
cause of the deposition of barium salts. 


Two edge producing wells on the west end of the unit are treated through the 
casing with 1 quart of chemical per day to stop the formation of gyp. Some produc- 
ing wells in the east end of the unit have received similar treatment. 


Samples of the Stalnaker supply water and the produced brines were analyzed for 
mineral content. Results of these analyses are included in table 1. These analyses 
show the potential plugging agent barium in each sample. 


The east plant, using water from 2 Stalnaker wells and 13 oil-producing wells, 
is operated similarly to the west plant; it serves 9 input wells. 


TABLE 1. - Mineral analyses of injection waters, Stelbar Oil Corp., Inc. 
Rock Pool unit 


Supply-well water Produced brine 


Reacting Reacting 
values, values, 
percent percent 
Ions or radical Palmer 
Calcium (Ca) 0iiidseicaseteeewws ween 6.78 
Magnesium (Mg) ..ccccccecccccccseses 3.86 
Sodium: (Na). ¢seé06sssceweweseceeees 39.36 
Carbonate (C03) .cccccecccccccsccsces 0 
Bicarbonate (HCO3) ..ccccccccccccces 03 
Sulfate (S04) ccccccccccccccccscoves 05 
Chiorides:: (CL) sé060%6.44806s066000% 49.92 
Total: SOLIS” iv <6 sieis'c's wi0:8 0's 400 100 .00 
Hydrogen sulfide (H7S) ..ccccccccces None None 
Barium: (Ba), 4:5 4:06:66.640 660 ws eseereees 53 p.p.m. 20 p.p.m. 
Specific gravity ..csscectesssccssecs 1.112 1.112 


Results of Flooding 


Waterflooding was begun on the Rock Pool unit in January 1951, and the first 
increase in the rate of oil production was noted in January 1952. Table 2, a sun- 
mary of operations, includes data relating to the flood. Figure 2 shows that a 
maximum producing rate of over 21,000 barrels of oil per month was reached in 
August 1954. To March 1, 1958, about 10,626,000 barrels of water had been injected, 
and approximately 923,000 barrels of waterflood oil was recovered from the 460 acres 
flooded. By that time the cumulative water-injected to oil-produced ratio was 12 
to l. 
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TABLE 2. - Summary of operations, Stelbar Oil Corp., Inc., Rock Pool Unit, 
Rock field, Cowley County, Kans. 


Location - secs. 11, 14, 15, and 16, Type of water - brine 

T. 30 S., R. 4 E. Type of system = closed 
Sand flooded - Bartlesville First water injection - January 1951 
Depth to top of sand - 2,765 feet First oil increase = January 1952 
Average sand thickness - 20 feet Status - active 
Area flooded - 460 acres Gravity of oil - 38.4° APL 
Well pattern - irregular Viscosity of oil - 3.9 cp. at 77° F. 


3.2 cp. at 100° F. 


Data to March l, 1958 


Barrels 
Primary oil recovered, estimated (330 acres) ccccccccccccccccscsccccesese 2,019,000 
Primary oil recovered per acre, estimated (330 acres) wcccocccsccccccccee 6,118 
Oil recovered by waterflooding (460 acres) ..cccccccccccscscccscccsescsece 923 ,000 
Oil recovered per acre by waterflooding (460 acres) weccccccccccccccceces 2,007 
WALEr JM JCCECG! ccna io iw 555 0h 0555605 Bek we 6 aware 05h ws 0 0666s sees: -L0,026,0463 
Water injected Per ACTS caccccvccccccesesccevecesecseseosesesececseeseces 22,380 


Water produced beginning January 1951 e@eseeaeceovoevoeaseoeevneaeseoeeneasneaoeaeneennene ee ee eee @ @ 6,237,365 


Summary of waterflood performance 


Average Oil Cumulative 
Active | wellhead | Active | recovery, | water-injected to 
pressure, bbl. oil-produced 
Date éSils ratio 

Dec. 31; L951. aise - 
Dec. 3b. 1952. os ows 14 
Dec: 345.1953). <i 12 
Dec. 3h, 1954: 666% 10 
Dec, 31,1953 sce 10 
Dec. 31; 1956 wees 11 
Dec. Ob, L957 «ccwies 11 
Feb. 28, 1958 ..... 12 


1/ No record. 


Monthly record of water injected and oil and water produced, barrels 


1952 

injected produced | produced injected produced | produced 
January: sis segee ees 50,024] 3/ 1,718 434 
F@DLUary” cs -eessdiness 435 
Maren <0ss60-0's.G5 toe e ies 527 
ADULL 500s Sasa sere osec8 840 
MAy: 464060 ‘eae toeu es 496 
JUNE: sare eres tien eeees 540 
JULY? sites saose Se ees 589 
AUSUSE cise evinces eas 899 
September ..ccccccee 600 
October wccccsesvecs 3,317 
November .cscccccees 5,610 
DE@COMbDED. ssise e-cew ease 6,603 


Total .cccccees 531,134] 2/16,104 4.032 603,320 84.049 20,890 


2/ Included as primary oil production. 3/ Included as waterflood oil production. 
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TABLE 2. - Summa of operations, Stelbar Oil Corp., Inc., Rock Pool Unit 
Rock field, Cowley County, Kans. (Con.) 


Monthly record of water injected and oil and water produced,barrels (Con.) 


JaANuary .ccccccccecs 
February .cccccccose 
March ..c<:s.deewere sees 
April eceoceeeerennene 
May .ccccccccccccecs 
JUNE ccccccccvcccne 
July eeceeeeeeeereree 
AUZUSE ccccceccccces 
September ..ccccccce 
OCtCODER iiss vcs eus 
November ..cccccccecs 
December ..ccccccccs 


__rotal .....-.--}| 1,100,383 | 110,144 236,442 | 1,740,770 | 215,610 
1955 


January eoeccceseccee 
February .cccocccccee 
March). ~6i0se eis ocenis 
APLil ce ccicsweeawe 
May .cccccccccccsece 
JUNG: - 66S 6 5:6 60 o0e 6656 
JULY 5044654666008 
AUZUStE wcccccsccccce 
September ...ccccces 
October ..cccccccces 
November ..eccccecoss 
December ..cccceccces 


Total ....-....{/ 2,211,810 | 193,750 | 1,607,623 | 2,116,258 | 169,627 
1957 


JAMUALTY wcccvcaccces 
February ..cccocccces 
March were ees ee 
ADELL iscsi scsvesces 
May .cocccccccccvees 
June eeoeoeevnereeeevee 
July eoeoeeceesereoee 
August ee | 
September ...cccceoce 
October ..cccccccces 
November eoveeeseeee 
December ...cccccces 


Total ..cccccee |) 1,991,238 Ty 765 | 1 aa 434 331,130 17,055 
Cooperative Refinery Association Rock Unit 3 


1953 


157, 597 


1954 


eer eeee (: (Sane ieee! 
injected produced | produced iniected er oeuces 


«1956 


1958 
8,957 
8,098 


Water 


produced 


34,000 


144,941 
138,549 
151,411 
144,870 
154,256 
151,920 
151,063 
149,203 
146,228 
100,595 
114,050 
135,532 
682,618 


132,548 
121,660 


254 , 208 


Several properties in Rock field, Cowley County, Kans., were unitized in August 


1955 for waterflooding. 
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Figure 4 is a map of the unit showing production history of 
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the leases included in the project. In October 1955 the Cooperative Refinery Asso- 
ciation began to inject water into the north input well in sec. 29, T. 30 S., R. 

4 E., and by the end of 1955 the flood had been extended to include 8 input wells 
and 9 producing wells on 170 acres. 


The formation flooded is the Bartlesville sand, which was deposited as a narrow 
bar approximately one-eighth mile wide extending about 2 miles in a northeast-south- 
west direction through the unitized properties in secs. 20, 29, 30, 3l, and 32, T. 
30 S., R. 4 E. The top of the sand ranges in depth from 2,786 feet at the north end 
of the stringer to 2,820 feet at the south end. The sand ranges in thickness from 9 
to 26 feet and averages 18 feet. Analyses of cores taken on 2 wells in the NE1/4 
sec. 31, before flooding, indicated that the formation in that area had the follow- 
ing average characteristics: Porosity, 21.2 percent; permeability to air, 46 milli- 
darcys; oil saturation, 26 percent; and water saturation, 43 percent. Figure 5 is a 
graphic presentation of a core analysis. No core analyses from wells in the north 
part of the project were available. 


Oil produced from the Bartlesville sand had an API gravity of 40.4° and a vis- 
cosity of 3.4 centipoises at 77° F. and 2.9 centipoises at 100° F. 


History Before Flooding 


The first wells on the property in sec. 20, T. 30 S., R. 4 E., were drilled in 
1945. Development was slow; not until 1948 was the oil-productive area extended to 
the south by the drilling of five additional oil wells. After 1948 activity in- 
creased, and during the next few years nine oil wells were completed. Several dry 
holes defined the sand lens and indicated that the oil-productive area was approxi- 
mately one location wide. Three of the wells in the south part of the property were 
hydraulically fractured in 1952 with favorable results. All wells were produced by 
primary methods until waterflooding was started in October 1955. Calculated on an 
estimated normal decline rate (fig. 4), approximately 500,000 barrels of oil would 
have been produced to March 1, 1958, by primary methods from the 17 wells on the 170 
oil-productive acres in the property. 


Method of Completing and Operating Wells 


All the wells on the property were drilled to the top of the sand with rotary 
tools and then were completed with cable tools. The wells were shot with 2 to 2 1/2 
quarts of solidified nitroglycerin per foot of effective sand, and 5 1/2-inch casing 
was set approximately 2 feet in the sand and then cemented with 60 sacks of cement. 
The cement plugs are drilled out and the wells are cleaned to bottom. The producing 
wells are equipped with 2-inch tubing, 5/8-inch rods, and insert pumps and are 
pumped by individual units powered by gas engines operating on propane, 


Eight alternate oil wells along the axis of the sand stringer were converted to 
water-input wells by pulling the rods, pump, and tubing. A measuring line was run 
down the hole to determine the total depth of each well. Usually there had been very 
little fill-up, and the input wells were completed by installing meters and control 
valves. By March 1958 only 1 input and 1 oil well had required servicing. 


Source and Treatment of Water 
When the project was begun, produced brine from 2 wells in the SE1/4 sec. 20, 


T. 30 S., R. 4 E., was used for flooding. However, the supply of produced brine 
soon became inadequate, and a dry hole in the SE1/4SW1/4NE1/4 sec. 29, T. 30 S., 
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R. 4 E., was recompleted in the Stalnaker sandstone as a water-supply well. The 
well was washed down to 2,198 feet, where 7-inch casing was set and cemented with 
600 sacks of cement. The casing was jet perforated in 4 zones at intervals of 1,911 
to 1,990 feet. The well was then equipped with a common working barrel, 3-inch tub- 
ing, 7/8- and l-inch tapered rods, and a heavy-duty pumping unit powered by a 55-hp. 
gas engine. 


Before the pressure plant was completed in June 1957, water was pumped directly 
from the supply well into the distribution system without chemical treatment. Ce- 
ment-lined 2- and 3-inch pipe is used in the water distribution system. More re- 
cently, brine from the supply well is pumped into a collecting tank, where it is 
mixed with water produced on the lease. The water in the 400-barrel collecting tank 
is treated daily with 1/2 gallon of a commercial wetting agent. The treated water 
flows through a filter into a 250-barrel clear-water storage tank. A 4- by 6-inch 
double-acting duplex pump takes water from the storage tank and forces it into the 
distribution system at a pressure of 200 p.s.i. The surface of the water in the 
collecting and storage tanks is covered by an oil seal to minimize the adsorption 
of oxygen from the air. 


The filter is a permeable-plate type using a single grade of fine filter medium 
(0.6 to 0.8 mm. anthracite) supported on a layer of permeable aluminum-oxide plates. 
The filter is backwashed every other day into a tank, which also receives overflow 
water from the collecting and the clear-water tanks. 


The collecting tank is connected directly to the clear-water tank and thus per- 
mits bypassing the filter during backwashing or when the input volume exceeds the 
capacity of the filter. The supply well is also connected by a bypass line leading 
directly into the distribution system. 


The levels in the clear-water storage tank are controlled by a safety switch, 
which automatically shuts off the supply-well engine when the water level is 1 foot 
from the top of the tank and shuts off the injection pump when the water is 1 foot 
from the bottom of the tank. 


The results of analyses of the Stalnaker water, produced water, and mixed water 
after treatment are shown in table 3. Some potential plugging material in the form 
of barium was found in each of the samples analyzed. 


TABLE 3. - Mineral analyses of injection waters, Cooperative Refiner 
Association Rock Unit 3 


Supply-well water Produced brine Clear-well water 


Reacting Reacting Reacting 
values, values, values, 
percent percent percent 
Ions or radical 2 2 p Palmer 
Calcium (Ca) .ccccccecccees 9,600 8.23 
Magnesium (Mg) ..cccccccceces 2,830 4.00 
Sodium (Na) .cccocccccccces 50 ,500 37.77 
Bicarbonate (HCO3) ...c.eee. 73 85 03 
Carbonate (C03) ...cccccces 0 0 
Sulfate (SO4) ..ccceccccece 157 116 .04 
Chlorides (C1) .....ceeeeeee | 103,200 106,700 103,000 49.93 
Total solids ......... | 166,830 172,317 166,131 | 100.00 
Hydrogen sulfide (H 9S) .... None detected None detected None detected 
Barium (Ba) 666.6680 c6-ceeees 70 p.p.m. 6 p.p.m. 52 p.p.m. 
Specific gravity .cccccccse 1.113 1.116 1.117 
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In August 1957 the wellhead pressure on 7 of the input wells began to decline, 
and by February 1958 most of the wells were taking about 10 barrels of water per 
foot of effective sand by vacuum. Wellhead pressures on the northeast input well, 
which adjoins the Rock Unit 2 flood, increased from 288 p.s.i. in October 1957 to 
500 p.s.i. in November 1957. Since this pressure was higher than the rated pressure 
of the plant, the well was tied into the distribution system of the adjoining Rock 
Unit 2 flood. 


Results of Flooding 


The results of waterflooding operations are summarized in table 4. The first 
increases in rates of oil production attributable to waterflooding occurred in 
September 1956. During the 2 1/2 years the flood has been in operation, about 
41,000 barrels of additional oil (fig. 4) has been recovered by injecting approxi- 
mately 759,000 barrels of water. This is a cumulative water-injected to oil-produced 
ratio of 18 to 1 and a recovery of 244 barrels per acre from the 170 oil-productive 
acres in the flood. 


TABLE 4. - Summary of operations, Cooperative Refinery Association Rock Unit 3, 


Rock field 

Location - secs. 20, 29, 30, 31, and 32, Type of water - brine 

T. 30 S.,; R. 4 E. Type of system - closed 
Sand flooded - Bartlesville First injection - October 1955 
Depth to top of sand - 2,803 feet First increase - September 1956 
Average sand thickness - 18 feet Status - active 
Area flooded - 170 acres Gravity of oil - 40.4° API 
Well pattern - alternate wells in a line Viscosity of oil - 3.4 cp. at 77° F. 


2.9 cp. at 100° F. 


Data to March 1, 1958 


Barrels 
Primary ofl recovered (170 acres) .ccsccccccccccssesccccccescccccssscsscces 208,556 
Primary oil recovered per acre (170 acres) cececcccccccccccccccscscccccscce 2,992 
Oil recovered by waterflooding (170 acres) wccccccccsccccccsccccscccceseses 41,420 
Oil recovered per acre by waterflooding (170 acres) .crcccccccvccsccccccces 244 
WACET IN ECEOO) cis 45 b:0.6'ors 6 SS wis ew ae hs bo 69S O60 dss 44 eee tee eee see eaw. 750,508 
Water injected per acre (170 acres) .cccocccecccccccsccccesccccesscccessece 4,462 


Water produced eeeoeoonoe eCeovoeoeveeveveeeveoeeveevpeoeseevoeeaeneveaoeveae oven eoanoeaeneoneenen oe eeene ee eee lt 83 ,090 
Gil recovered (total) eeoeseeea oo eve vseaseeveeceevnve ove eeneoeneosneoseeeneovoeaeeneeaeoevneaeaene ene ee 8 549,976 


Oil production, by years, barrels 


1945) occceeuc cen eGieaicw ieee 1955. wneuecessues 12,766 
1B 966: icecicccdc areeeee Se trey 1956: wo euioniieleisecs 8,411 
1947 odésereeceres een W957. wtceerccauiseanse 26,249 
1948" 0.225 eacc eed er eee 1958 .sceccscceee |2/21,173 


1949 *eeeoee@eeee99ees8ee? 
2 months' production. 
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TABLE 4. - Summary of operations, Cooperative Refine Association Rock Unit 3 


Rock field (Con.) 


Summary of waterflood performance 


Cumulative 
Active | Active water-injected to 
Acres oil Oil recovery, oil-produced 
Date flooded |wells | wells [| bbl. per acre ratio 


December 31, 1956 ....... 170 8 5 351 
December 31, 1957 ..cccee 170 8 124 32 
February 28, 1958 ....... 170 8 244 18 


Monthly record of water injected and oil and water produced, barrels 


Water Oil production Water 
injected Waterflood | produced 
1955 


October -ssdsucstecoeeedacseeswerses 742 829 829 2/4 ,196 
NOVEMDEL 64.5466 sc sede aS were wie weston 1,440 681 681 1,439 
DECOMDED -6i.6is 64.0666 4.560 5S 5K SSeS 13,116 663 663 1,593 
TOCAL: cccsceesveweeswestsse ees | 55298 1. 22173)... 2-173..|.--... | oe 228 

1956 
JANUATY wcccccvevevccccsessecsccvene 
RGDIUALY -<o-irc oe ere'e oiasiwe bie ae wie bie wre ee 


March eeseaoeeaoceanv eee eovoeeceaosvoeneeneneaeee ee @ 


1,953 
1,914 
1,638 
1,535 
1,960 
1,700 
1,895 
2.071 
145 2,521 


ADELL: -ssio0 ois eee S 5 64 ois.bo CRASS 
MAY wcccccccccccccsccvecccecsecsecce 
JUNG 5 bip:5 S:5:0:0 850 66S OW we 50s Os 
JULY SG ths S366 ole ske eos 6 ese eewes 
AUZUST wccccnccrcesecsnecccveccesene 
S@PCEMDEL: «6 .6:6:5:0:6 4 0 0:6/e'e 40 oe we 6000 0 0% 
OCUODER ’ sé.5 sie 64s css 6's owe ee eee ews 
NOVEMDESL © 6.6:0:6.0:66 Sob 0 eS eetew sckewees 
DEGCEMDER 6:5: 65065: 64:0: We S 6.0664 0S 

Total .cccccccccccccccccscscese | 300,567 | 8,411 ] 7,511 | 900 | 26,097 

1957 

JAMNUALY wcccccnnccccscacsccccsecece 
FeEDIUaLy sveccs cise seecss beac ee bees 


March COOCHCE EEOC EEOC EOCOCBOOLOHOEEEE® 


APL wcccccccccccececescccsescveces 
MAY ccccccccccscccccsecscccccececcecce 
DUTIO és) oS 5.566. 6656 are OS os G00 Oe 0.6 6 0808 
July ecCHCC HCHO COO OCOHEH BOO OEES OE EEO® 
AUZUSE wceccccccccccccccccccccscece 
September COCO ECO ROCCO ROE ORE EE EEOO® 
October CCOC SCHOO CE SOS EO ESE OO ESE EO Oe 
NOvVeMber ...cccccccccccccccccccccce 
December ..ccccccccccccccccccvccces 

TOUAL scwcéccreiiis wats siee ow wiawsaisiarers 40 ,058 

1958 

JANUATY cecccccccccccccccccccccccce| 39,768 8,916 409 8,507 4,750 
February .sccccccccccccccvsvcsccsece 36,698 | 12,257 396 11,861 4,957 

TOA tccinsancdatslnawaecace sak 9,707 


2/ > 3 months' production. 
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Anderson-Prichard Oil Corp. Deichman Project 


The Anderson-Prichard Oil Corp. is testing the economic possibilities of water- 
flooding in the Deichman field, secs. 23 and 24, T. 31 S., R. 4 E., Cowley County, 
Kans. The project, covering 330 acres, is an experimental peripheral flood with an 
irregular pattern. A map and a graph of the production history of the leases in the 
project are shown in figure 6. 


The formation flooded is the Bartlesville sand at an average depth of 2,875 
feet. The oil-producing sand body is a small isolated lens, laminated with shale 
partings and averaging 30 feet in thickness. Sand fragments obtained during deepen- 
ing and cleaning operations show that its characteristics are typical of other 
Bartlesville-sand lenses that produce oil in the county. Although no cores have 
been taken, most of the wells have been surveyed by radioactive logging methods to 
obtain most of the relative characteristics of the formation. A typical radio- 
activity log is shown in figure 7. 


Oil produced from the formation had an API gravity of 41.3° and a viscosity of 
3.4 centipoises at 77° F. and 2.9 centipoises at 100° F. 


History Before Flooding 


The discovery well in the Deichman field was drilled in December 1941 on the 
Deichman farm in sec. 24, T. 31 S., R. 4 E. Development of the field was slow, 
limited by a critical shortage of pipe and materials during the war years. Most 
of the primary drilling was completed by the end of 1949, when 25 oil-producing 
wells had been drilled. Three additional wells were completed, 1 in 1952 and 2 in 
1953. Oil was produced by primary methods until waterflooding was begun in April 
1957. The graph of the production history of the leases in the waterflooding project 
shows that in 1947 the annual rate of oil production from the 330 acres reached a 
peak of more than 150,000 barrels. Oil production declined rapidly to a minimum 
rate of 8,000 barrels per year in 1957, when 15 of the 28 wells were cleaned and 
converted to water-input wells for flooding. 


Method of Completing and Operating Wells 


Originally the wells were drilled with both cable and rotary tools; 5 1/2-inch 
casing was set and cemented near the top of the sand. However, a standard comple- 
tion procedure had not been followed, and in some of the wells the sand body was not 
penetrated entirely, while in others the casing was set above the sand with the 
shale exposed. | 


At the beginning of the waterflood all of the wells were cleaned and, where 
necessary, the sand section was completely penetrated. In those wells in which the 
casing was cemented above the sand a 4 1/2-inch liner was run, cemented, and perfo- 
rated opposite the sand section with 4 shots per foot. 


Originally the wells were shot with 1 1/2 to 2 1/2 quarts of nitroglycerin per 
foot of sand. Records show that 1 well was shot with 325 quarts of nitroglycerin 
and that 1 of the wells completed in 1952 was fractured hydraulically. 


Wells arranged in a peripheral>/ flooding pattern were selected as input wells, 
the rods and tubing were removed, and the input wells were connected to the water 
distribution system. 


3/ Staggered edge wells. 
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Figure 6. - Map and production history of Anderson-Prichard Oil Corp. Deichman project, 


Deichman field, March 1, 1958. 
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The producing wells were equipped for pumping with 2-inch upset tubing, rods, 
and working barrels. Two units are pumped with the original individual gas engines 
using butane gas. The other units are powered by 30-hp. electric motors. 


Source and Treatment of Water 


Brine for flooding is obtained from 2 supply wells completed at an average 
depth of 1,900 feet in the Stalnaker sand with 5 1/2-inch casing set and cemented 
through the water-bearing sand. The casing was perforated selectively (4 holes per 
foot) through 30 feet of sand. Each well has a measured capacity of 2,600 barrels 
of water per day and is pumped by a 40-hp. submersible electric pump on 3-inch steel 
tubing at a depth of 1,300 feet. The pumps deliver brine from the wells into three 
300-barrel steel storage tanks at the water-pumping plant. 


Produced brine from the tank batteries flows by gravity through 3- and 4-inch 
lines to the water-pumping plant. It is mixed with water from the supply wells by 
entering a 6-inch header connected to the base of each tank and through an individ- 
ual spreader within each tank. An oil seal and natural gas piped from a nearby tank 
battery are maintained above the water surface in each tank to minimize the absorp- 
tion of air into the water system. Injected water is neither treated nor filtered. 
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Figure 7, - Representative radioactivity log of Bartlesville sand, Anderson-Prichard 
Oil Corp. Deichman Project, Deichman field. 
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The results of analyses of the produced water, brine from the supply wells, and the 
mixed water are shown in table 5. It has not been necessary to backflow or clean 
any of the input wells since waterflood operations were begun. 


TABLE 5. - Mineral analyses of injection waters, Anderson-Prichard Oil Corp. 
Deichman project 


Supply-well water Produced brine Clear-well water 


Reacting Reacting Reacting 
values, values, values, 
percent percent percent 
Ion or radical Palmer 
GRR KGE) So civcrdccccese 6.74 
Magnesium (Mg) ..ccrveccses 3.59 
BOT EMED <cVet evocevccese 39:67 
Carbonate (C03) «.seeeeeees ) 
Bicarbonate (HCO3) .....ee. 04 
Sulfate (SO,) ..ccccccecees 02 
COIOPAGES (C1). cccccccvcces 105,000 49.94 
POEMS SOLIGS wesec veces 169,280 100 .00 
Hydrogen sulfide (HS) .... None None 
PGE RMEMAD dev cticonecosees 21 p.p.m 72 p.p.m 
SpectEic oravity .cccccccecs 1.120 1.106 


The mixed brine flows by gravity through an 8-inch line from the storage tanks 
to 2 horizontal triplex pumps. These pumps, powered by 100-hp. electric motors, are 
equipped with 3 1/4- by 6-inch ceramic plungers. A wall constructed of corrugated 
plastic separates the pumps from the motors and safeguards the motors and the con- 
trol panel from possible leaks in the piping. 


A meter house is an integral part of the main plant. The 2-inch lines serving 
8 input wells are connected to a main waterline. Each well has a meter and control 
valves in the plant, where the individual well pressures can be read from a gage on 
the control panel. Connections at each well also enable the pressures to be read at 
the wellhead. A 4-inch water distribution line delivers brine to a second water- 
meter house, which serves 7 input wells. A system of automatic controls regulates 
the water level in the storage tanks, turning the submersible electric pumps on or 
off as needed. A set of maximum and minimum controls on the main waterline prevents 
excessive pressure or shuts down the pumps when a waterline breaks. Additional 
thermal- or pressure-type switches prevent overheating of the motors and regulate 
the oil levels in the pumps. 


Results of Flooding 


Good results have been achieved on this project during the short period of its 
operation. To March 1, 1958, more than 39,000 barrels of oil has been recovered by 
the injection of approximately 1.7 million barrels of water, resulting in a cumula- 
tive water-injected to oil-produced ratio of 51 to 1. This ratio is the result of 
the development of the project as a peripheral flood. A large volume of water was 
required to obtain reservoir fill-up over a larger area. To March 1, 1958, only a 
few of the oil-producing wells in the area had been affected. However, the results 
obtained from these wells have been gratifying and indicate excellent possibilities 
for the future recovery of additional oil. 
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TABLE 6. - Summary of operations, Anderson-Prichard Oil Corp. Deichman project, 
Deichman field 


Location - secs. 23 and 24, T. 31 S., R. 4 E. Type of water - brine 


Sand flooded - Bartlesville Type of system - closed 

Depth to top of sand - 2,875 feet First water injection - April 1957 
Average sand thickness - 30 feet First oil increase - July 1957 
Productive acres - 330 acres Status - active 

Area flooded - 330 acres Gravity of oil - 41.3° API 

Well pattern - peripheral Viscosity of oil - 3.4 cp. at 77° F. 


Data to March 1, 1958 


Barrels 
Primary oil recovered (330 acres) wcecccccccvccccccccccccsccvcscvccscves 951,298 
Recovered per acre (330 acres) wcecccccccccvcccccccccccscccscccccesecese 2,883 
Oil recovered by waterflooding (330 acres) cccccceccccrccccccccccccveces 39,142 
Oil recovered per acre by waterflooding (330 acreS) .ccccccccccccccccces 119 
Water Infected? cicecccccessce recess eserves eres reecaceceseseeescerses essere 1,682,220 
Water injected PEL ACTS] cecccececcreceacsceccssesesesssessesesesesesesere 5,097 


Qil production, by years, barrels 
150 , 700 TQS 3: «5's 04 ee. Gow were 


1941 @eeoeo0 02028008000 


1942 ccceeew nate vecccccccee | 145,104 |] 1954 ..ccececceee| 19,926 
i ree secccccecee | 77,007 |] 1955 .cccccsecves| 12,984 
LOGL: ons wenaceu's vecvcccccee | 46,939 |] 1956 .ccccccccccs 8,235 
VOAS inci cavscne ccc Géhvewen | 32.606 vecccccccces | 2/23,608 


1946 .ccccccccces 28.418 2/15.534 


Summary of waterflood performance 


Cumulative 
Active | Active water-injected to 
Acres oil-produced 
Date flooded | wells ratio 


February 28, 1958 ..cccce 330 15 12 119 51 
Monthly record of water injected, water and oil produced, barrels 


1958 

in ected produced | produced | injected | produced | produced 
JANUATY woccceccessecee 7,457 16,471 
FODLUALY. .646 sss e.6ese0 > - 8,077 17,820 
MAL CH: 6 eases Fes os oer - 
ADEL |! £55068 s46Se bea 110,477 
May wcccccsccvccccccceors 158,870 
JUNC 404.0066 eK e eee eee 151,720 
JULY? 34 wis eae ceases ews 
AUZUSE wcccccccccvccece 
September .cccccccccces 
OCEODEY: -ies-ds sess eee hae 
November .4%s. 0666 6e00-% 
DECOMDET ° 656% 4:d'0 0-060 


Total .......-se04 | 1,355,818 | 23,608 45,845 326,402 | 15,534 34,291 


1/ Waterflooding begun. 2/ 2 months' figures. 
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Aladdin Petroleum Corp. Baird-Drennan Project 


Waterflooding on the Aladdin Petroleum Corp. Baird-Drennan project in secs. 29 
and 32, T. 34 S., R. 3 E., Gibson field, Cowley County, Kans. was begun in January 
1955. Figure 8 is a map showing production history of the project. 


Produced Bartlesville and Arbuckle brines are injected into the Bartlesville 
sand, which lies at a depth of 3,400 feet and averages 25 feet in thickness. In 
general, the maximum thickness of this sand is along the western edge of the two 
160-acre leases included in the project. The sand was thin or absent in wells 
drilled on the adjoining properties to the east. Because of the irregularity of 
the sand, only 260 of the 320 acres was developed for primary production on 10-acre 
Spacing. A representative electric log and core analysis are shown in figure 9. 
This core analysis indicates a relatively high porosity of about 25 percent through 
the main sand body at depths between 3,375 and 3,393 feet. The porosity of the 
upper part of the sand averages about 20 percent, whereas the porosity of the lower 
section averages about 15 percent. Permeability of the main portion of the sand 
body is fairly uniform at about 130 millidarcys with lower permeability above and 
below. Because these cores were cut while water-based mud was being circulated, it 
is assumed that the cores were flushed during the drilling. The resultant low oil 
saturation, ranging from 10 to 23 percent, is not representative of the uncontami- 
nated sand. Likewise, the relatively high water saturation is assumed to contain 
some drilling fluid. 


Analysis of a sample of oil from a representative well shows a gravity of 33.4° 
API and a viscosity of 11.5 centipoises at 77° F. and 8.7 centipoises at 100° F. 


History Before Flooding 


The first wells on the property were drilled in late 1951 and early 1952, but 
drilling was continued during the next several years, four wells being completed in 
1955 soon after waterflooding was begun. Wells were drilled with rotary tools and 
cased with 5 1/2-inch casing set at the top of the sand and cemented with 150 sacks 
of cement. The bottom-hole pressure of the first wells completed in the Bartlesville 
sand was 1,764 p.s.i. Some of the wells were fractured by the original Hydrofrac 
process, but later wells were completed with sand-oil treatment, using larger volumes 
of oil and sand. [Initial potentials ranged from 300 to 3,000 barrels of oil a day. 
On the south lease (the Baird-Drennan lease) six wells originally were completed in 
the Arbuckle limestone. Since the Arbuckle wells had large initial-production rates, 
they produced a disproportionately larger share of the lease production during the 
first few years. Because of the rapid decline in the rate of oil production and an 
increase in water production, in 1956 one of the original Arbuckle wells was plugged 
back to the Bartlesville sand and another to the Simpson formation. 


Method of Completing and Operating Wells 


The west input well on the north lease and the north input well on the south 
lease were converted from oil production to water injection in January 1955. Rods 
and tubing were pulled, and a swedged nipple was screwed in the top of the 2-inch 
casing collar. Later two other oil wells were converted to input wells. 


The Bartlesville-sand wells are pumped by individual pumping units. Two of 
these units are powered by 15-hp. electric motors and the others by 10-hp. electric 
motors. Wells are pumped intermittently, their operating time depending upon the 
quantity of fluid produced. 
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Three electric-power units generate power for the entire operation, using natu- 
ral gas from the lease to generate 3-phase, 440-volt current. A substantial saving 
has been effected by using these generators. 


Since August 1955 the oil- and water-production rates of all wells on the prop- 
erty have been tested semiannually. From November 1951 until February 1954 oil pro- 
duction from the two leases came from the Bartlesville sand. However, after the 
completion of six Arbuckle wells on the Baird-Drennan lease in 1954, both Arbuckle- 
lime and Bartlesville-sand productions were recorded together. The oil-production 
curve shown in figure 9 represents an estimate of the Bartlesville-sand production 
based upon the percentage of Bartlesville oil produced during the periodic tests. 
Because the first complete test was made in August 1955, approximately 1 1/2 years 
after the first Arbuckle well was completed, little definite information ts avail- 
able regarding the volume of oil actually produced from the Bartlesville sand dur- 
ing that period. Tests in August 1955 showed that 59 percent of the oil production 
from the south Baird-Drennan lease came from the Bartlesville-sand wells. As the 
water injection became more effective and the rate of oil production from the 
Arbuckle wells continued to decline, the percentage of the total oil from the 
Bartlesville sand on that lease increased to 75 percent in August 1957. For this 
reason the oil-production curve shown in figure 9 is dotted for the period after 
February 1954. 


Source and Treatment of Water 


The west input well on the north Baird-Drennan property receives by gravity 
flow about 550 barrels a day of untreated and unfiltered brine produced from the 
10 Bartlesville-sand wells on that lease. The other input well on the north lease 
and the 2 input wells on the south lease receive brine produced with the oil from 
the Baird-Drennan wells. About 70 percent of this water is from the 4 Arbuckle 
wells, shown as water-supply wells in figure 8. Water separated from the produced 
oil is collected in a 550-barrel covered wooden tank and pumped to a 25- by 50-foot 
aerating pit. A float control on the covered wooden tank actuates a valve and the 
switch of a pump, which forces water through spray nozzles in the aerating pit. 
Dry lime is added to the aerated water as it flows into a settling pit. During 
the summer months copper sulfate is added to control organic growths. As the water 
flows through the 50- by 100-foot settling pit, it is directed around and under 3 
corrugated transite baffles to provide for additional settling time. Both aerating 
and settling pits are lined with an asphaltic-base paper to prevent leakage. Water 
from the settling pit flows to a sump in one corner of the pumphouse, where it is 
picked up by a centrifugal pump, powered by a 5-hp. motor, and forced through 2 
sand-packed 500-gallon closed filters. A chemical-feeder pump injects daily about 
1 quart of a corrosion inhibitor into the line ahead of the filter. Filtered water 
is collected in a 550-barrel clear-water tank. A float on this tank starts and 
stops the centrifugal pump, which forces water through the filter. The filters 
are backwashed once daily by a 4-inch centrifugal pump powered by a 7-hp. electric 
motor. Backwashed water is delivered to the settling pits. A horizontal triplex 
pump with 2 1/4-inch plungers, driven by a 10-hp. electric motor, delivers water 
through 3-inch main lines to the 3 water-input wells. A horizontal duplex 2- by 
3 1/2- by 5-inch pump is maintained for standby service. 


Table 7 shows the results of analyses of the water produced from the Arbuckle 


wells, mixed water from the aerating pit, and water prepared for injection after 
chemical treatment and filtering. 
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TABLE 7. - Mineral analyses of injection waters, Aladdin Petroleum Corp. 


Baird-Drennan project 


Arbuckle Mixed brines, Clear-well 
supply well untreated water 


Reacting Reacting Reacting 
values, values, values, 
percent percent percent 
Ion on radical Palmer 
CHPOMEUECOD cocceccevecoce 7.86 
Magnesium (Mg) .ccccccccces 2-92 
SOGRIE EA) | cecwoscvcccceooe 39:22 
Carbonate (C03) ..sccccceee 0 
Bicarbonate (HCO3) ...-.eee- .O1 
Sulfate (SO,) «.ssesceceees 07 
Chaermaes CCL). sevcoccssces 49.92 
TOCAL SOLIdS ccccccces 100 .00 
Hydrogen sulfide (HS) .... None 
BREA EDA) sccccccecccsccs do 
Specific gravity .cccccsecce ‘ 1.088 


The volume of the injection water is metered at each input well. In March 1958 
all wells were taking water under vacuum. Three of the input wells each were re- 
ceiving daily about 500 barrels of water and the fourth well, about 250 barrels. 


Results of Flooding 


Water injection was started in January 1955, using a converted well on the 
north lease, and in February of the same year a well near the north edge of the 
south lease was converted for injection. New oil wells completed shortly there- 
after masked any early gains from waterflooding. Three wells offsetting the input 
well on the north lease were completed after injection was started. Thus, all of 
their production may have been affected by water injection, although the specific 
quantity is not known. One of the Arbuckle wells on the south lease (Baird-Drennan) 
was completed in June 1955 after water was injected into the two wells mentioned 
above. In August 1955 tests were made to determine the daily oil and water produc- 
tion of all wells on the property. The volume of oil gained by waterflooding has 
been estimated from these and later periodic tests. At least 1 well showed an in- 
crease in the rate of oil production by August 1955, and by September of the same 
year 2 other wells were affected. 


When the wells were tested again in March 1956, three Bartlesville-sand wells 
had shown increased oil production attributable to waterflooding. At that time no 
well in the area had shown an increase in the rate of water production. A third 
input well was added in September 1955 and, although it is only 50 feet north of 
an oil well, the oil well has not yet shown an increase in the rate of water pro- 
duction. Wells on the property were tested again in September 1956, at which time 
four wells had shown increases in daily water production, although total water pro- 
duction on the project had declined. 


Estimated monthly oil production resulting from waterflooding is shown in table 
8, Summary of operations, and by hatching in figure 8. By March 1, 1958, about 
49,600 barrels of oil could be attributed to the injection of about 1,165,000 bar- 
rels of water for an oil-produced to water-injected ratio of 23 to l. 
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Daily water production from the two leases had increased from 443 barrels in 
September 1956 to 652 barrels in March 1958. 


TABLE 8. - Summary of operations, Aladdin Petroleum Corp., Baird-Drennan project, 
Gibson field 


Location =- secs. 29 and 32, T. 34 S., R. 3 E. Type of water - Arbuckle brine 

Sand flooded - Bartlesville Type of system - open 

Depth to top of sand - 3,400 feet First injection - January 1955 

Average sand thickness - 25 feet First oil increase - March 1955 
Area flooded - 200 acres Status - active 

Well pattern - alternate wells Gravity of oil - 33.4° API 


Viscosity - 11.5 cp. at 77° F. 
8.7 cp. at 100° F. 


Data to March 1, 1958 


Barrels 
Primary oil recovered, estimated (260 acres) wcecccccccccccccccccsccccece 690 ,697 
Primary oil recovered per acre, estimated (260 acres) ...cccccccccccccocs 2,656 
Oil recovered by waterflooding (200 acres) wccccccccccnccccccccccceccccce 49,600 
Oil recovered per acre by waterflooding (200 acres) .wccccccccrccccccccces 248 
Water in jeCi Sd 5cio0 5G 656. oid boinc 6 Sa Nc ne 6 OS Nese ee ees OCR SEK Ses eewcewe 14109 543/ 
Water injected per acre (200 acres) .rcccccccccccccccccvecscccccccccscevece 5,827 
Oil recovered (Cotal) ccccccccccnccccssesesecesecsscveccesssccesesevccecs 740 ,297 


oil production, by years, barrels 


Bartlesville] Water- 
Year pro ject sand flood 


TOSI Spa soc duxeaiae Mande tos bee eke aoe EEE 
195 9%. 52 casas sarees Gee ne She we ae ae 
1953 eeeoeeoeaeeeseeaeeaeeeseeveeeeeeeeseeeeveeaeW@aeeeeeeeeeevseeee eee @ 
1954. carptre Gye avec iio totieie aaah aati ence enn ee 
TOS Shee cae oie a ee Len eio te eae nae ama ed oneacnes 
TOS 6: wer crie baie cosas niiile Guanes ehatuoe uct te 


1957 eeeeeesevoeeeeoeseeseeeeeesvseeeeseoeveeeseeveeeeeeveaseseoeaoeeveen 00028 © 


1958L/ @®eeseeoeoeea@ eos eoeveeooeeseseeesesv@eoeaeee oevsoeeveeeseveeeeeseeveeoneee © 


S 
Cumulative 
water-injected to 
oil-produced 
Date ratio 
December 31, 1955 ...ccee 69 
December 31, 1956 ....e0. 28 
December 31, 1957 ..cccce 23 
March 1. 1958) iaes ese 23 


1/ 2 months' production. 
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TABLE 8. - Summary of operations, Aladdin Petroleum Corp., Baird-Drennan project 


Gibson field (Con. 


Monthly record of water injected, oil produced, and waterflood oil, barrels 


(nS © SSeS 1956 


a  _ Water- 
Water Oil flood Water Oil flood 
injected | produced oil injected | produced oil 


JANUALY cscnccecsecenessiseee 
FPO@DIUAEY oie psceaele’s ccdeee 
MAaECE 60s eas eee 656 Css 06s 0 KS 
ASTI co ivetcicsdessverese Sees 
MAY seccesccddsescecsrscseeess 


June eeseeoeeoeoeeeoeeeseoaoaeeesseeweeoeen7es ee 


JULY: o.020 es saweetee seeuws wee 
AUSUSE cccccccsscecvesseccos 
September .icisccscccccccese 
OCtODGE sinew bi0'4ee 80 bebe 
NOVEMBER 46-40. 68 G6e 06s einen 
DECECROG? + 55 i644 RONEN OE Oe ed 


TOtAL  2.0:6.4.64 00 a'e0e wees Le __151,443 | 172,85) ) 2 2197 | 359,602 | 132 32,223 | 15,861 
“2957. £955 — 
November eeeeeeeesee*eeeseseeeeneeose 


59,192 5,766 | 2,021 
53,663 4,573 | 1,893 
December *e*@seeeeees7aee9eeseeseee#ee#8ese 


Total ssccsoscsccscsoes 541,522 = 583 | 27,650 | 112,855 20,339 1 3,986 


VONUSLY.. 444500 664 ROS OS Beas 
FOQPUSLY 6:54.0%4644086400040-8 
MAUVGE +3560 Seas cewawe es Kae D 
BDELY Mirae a0h60 e408 0S4 004 80% 
MAY 66-69 V6.6 04 OSES COdS ESTE 


June eeseeoceeeeeeseeeseeeecneeee 
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